Abstract Background: Hypertension and obesity have been reported as prevalent cardiovascular risk indicators among poliomyelitis (polio) survivors in developed countries, but findings from developed countries may not be directly extrapolated to Nigeria because of racial and environmental differences. Objective: This cross-sectional survey aimed at providing reference data on the prevalence of hypertension and obesity among polio survivors in Nigeria. Methods: Resting blood pressure (RBP) and body mass index (BMI) in consecutively recruited participants were categorized using the British Hypertension Society Classification and the World Health Organization BMI Scale, respectively. Results: A total of 252 (119 males, 133 females) participants were included in the study; mean age was 34.0 AE 9.1 years (range, 21e52 years) and polio was contracted at a mean age of 3.2 AE 2.2 years. Approximately 25% and 48% of the participants had hypertension and prehypertension, respectively. Overweight/obesity was present in about 41% of the participants. Prevalence of hypertension and obesity from this study were lower than values previously reported for populations in developed countries, probably due to the relatively younger age of participants. Prevalence of hypertension was, however, higher than the national average for the non-physically challenged adult Nigerians.
Introduction
It is projected that over the next 2 decades there will be a rise in cardiovascular disease mortality rates in developing countries, due to demographic changes and progressive urbanization [1] , while by 2025 about 75% of the world hypertensive population will be in developing countries [2] . These developing countries account for 75% of the world's people living with disability, with the World Health Organization estimates putting the number of Nigerians with disability at 19 million, or approximately 20% of the country's population [3] . Poliomyelitis (polio) survivors constitute one of the largest groups of people with disabilities in the world [4] .
Physical inactivity, one of the factors which contributes directly to the incidence of hypertension and also indirectly through its association with risk factors like obesity [5] , has been reported among people with disabilities [6, 7] . This is attributed to various factors including their primary motor disability and physical barriers to exercise and mobility [7] . The low physical activity reported among these individuals raises serious concern regarding their health and wellbeing, particularly when they enter their later years when the effects of the natural aging process are compounded by years of sedentary living and severe deconditioning [7e9] . It is crucial, therefore, to regularly assess the health profile of this high-risk population and proffer timely solutions.
Though the prevalence of cardiovascular diseases is generally under-investigated among persons with disability [10] , few available studies have identified cardiovascular disease or its risk factors among polio survivors. A significantly higher prevalence of hypertension was reported among Chinese patients with paralytic polio [11] , while a high prevalence of cardiac risk factors was reported among polio survivors in the United States [12] . Polio was recently identified as a significant risk factor for stroke, independent of hypertension, diabetes mellitus, hyperlipidemia, and cardiac diseases among a sample of Taiwanese people [13] . In another cohort of Taiwanese polio population, a higher prevalence of obesity and significant increase in total and regional fat mass were demonstrated when compared with age-and sex-matched able-bodied controls [14] . Epidemiologic studies showed that people with physical disabilities have a 1.2e3.9-fold increase in obesity prevalence than the general population [15] . Pathophysiological changes of body composition and energy metabolism, physical inactivity, and muscle atrophy, all favour the development of obesity in this population [15] . It is opined, however, that there is a substantial variation in the prevalence of obesity between nations [16] , with an increasing number of overweight and obese individuals reportedly in developing countries [17] . Studies have similarly identified racial variations in the incidence and prevalence of hypertension, with blacks having a higher prevalence in studies conducted among nonphysically challenged individuals [18, 19] .
Considering the mobility challenge and consequent reduced physical functioning and activity level faced by people with physical disabilities in a developing country like Nigeria, and the accompanying known black ethnicity risk factor for hypertension, it is essential to assess the prevalence of hypertension and obesity among this high-risk population. This will go a long way at addressing the cardiovascular health needs of people with physical disabilities in Nigeria. Findings from available studies in developed countries may not be directly extrapolatable to Nigeria, considering the racial differences and dissimilarities in environment, nutrition, level of development, and sociocultural factors between such developed countries and Nigeria. There is a need to fill this knowledge gap. The purpose of this study was therefore to document the prevalence of hypertension and obesity among paralytic polio survivors in Nigeria.
Methods
This descriptive cross-sectional survey involved 252 (119 males and 133 females) consecutively recruited adult polio survivors. The study was approved by the Ethics Committee of the University of Ibadan/University College Hospital, Ibadan, Nigeria, while permission to involve participants in the study was obtained from the requisite authority. All experiments were done in accordance with the Declaration of Helsinki. Participants were recruited from 19 local government centres in Oyo State, Nigeria, where physically challenged individuals congregate for weekly or fortnightly meetings of their association and from five institutions for the physically challenged individuals in the state. Informed consent was obtained from each participant after explanation of the study's goals and procedures. Relevant information on participants' demographic profile and socioeconomic status was obtained using an appropriately designed background information sheet. Indices of obesity and hypertension were delimited to body mass index (BMI; estimated from the height and weight measurements of participants) and resting blood pressure (RBP), respectively.
Measurements
Each participant's supine length (proxy for standing height) [20] was measured using a non-elastic tape measure and marker. Participants who had bilateral lower limb contractures and whose lower limbs could hence not be fully extended for the purpose of height measurement were excluded from the study. Body weight was measured with participants in light clothing and bare feet, while assuming a crook sitting posture on an outsized weighing scale (Zhongshan Camry Manufacturer and Trading Co. Ltd., Zhongshan, Guangdong, China). The RBP was measured on the left arm with an Omron MX2 basic digital automatic BP and heart rate monitor (Omron Healthcare Company Limited, Kyoto, Japan), after a 10-minute rest in sitting. Following the American Heart Association recommendations [21] , two BP readings were taken, with a 1 minute interval between readings. The average of the measurements was recorded as the participant's BP. Additional readings were taken if the difference between the first two readings was >5 mm Hg and the average calculated and recorded. The values were confirmed on two other occasions at about the same time of the day. Self-report of a medical diagnosis of hypertension and/or history of usage of antihypertensive medication was also obtained for reference purposes.
BMI was calculated as the ratio of the weight in kg to the square of the height in metres [22] . The British Hypertension Society Classification [23] and the World Health Organization BMI Scale [24] were used to categorize participants' RBP and BMI, respectively.
Statistical analysis
Statistical analysis was performed with SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Frequency counts were used to summarize participants' nonparametric physical and sociodemographic characteristics, while means and standard deviation were computed for the parametric physical and health variables. Independent t test was used to compare the continuous data of male and female participants, while Chi-square test was used to compare the categorical data. The level of significance for both tests was 5% (p < 0.05). The distribution of participants in the various BP and BMI classifications were presented using percentages and pie charts.
Results
Participants' mean age was 34.0 AE 9.1 years (range Z 21e52 years). They contracted polio at the mean age of 3.2 AE 2.1 years and the majority (133 or 52.8%) were females. There was an almost equal distribution between bilateral (126 or 50.0%) and unilateral (123 or 48.8%) lower limb affectation. Most of the participants (185 or 73.3%) depended on assistive devices or a wheelchair for ambulation. The majority (196 or 77.8%) was employed. Only a few (9.5 or 1.6%) were taking alcoholic drinks or taking both alcoholic drinks and smoking (4 or 1.6%; Tables 1 and 2 ). Significantly higher proportions of male polio survivors had means of transportation (p Z 0.029) and consumed alcohol/smoked (p < 0.001) than their female counterparts. Table 3 shows that male participants were significantly taller (p Z 0.001) and had significantly higher systolic BP (p Z 004) than female participants, whereas the female participants had significantly higher BMI (p < 0.001) than male participants.
Using the British Hypertension Society's classification which is similar to those of the European Society of Hypertension and the World Health Organization [23] , 25.8% of the participants had high-normal BP (systolic BP of 130e139 mmHg and diastolic BP of 85e89 mmHg), while 25.1% fell under the hypertension category (systolic BP > 140 mmHg and diastolic BP > 90 mmHg; Fig. 1 ). Based on the classification in the report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure [25] , however, 48.0% of the participants had their BP values in the prehypertension category, while 25.1% fell in the hypertension category. More than half of the participants did not meet the World Health Organization recommended BMI values with 44 (17.5%) being underweight, 102 (40.5%) being either overweight or obese, and 106 (42.1%) within the recommended BMI range (Fig. 2) .
Discussion
Our results showed that the prevalence of hypertension was 25.1%, with another 47.8% in the prehypertension category. Twenty-one point four percent were overweight and 19.1% were obese. There are no previous studies on the prevalence of obesity or hypertension among polio survivors in Nigeria. However, in a systematic review of articles published on the prevalence of obesity among non-physically challenged adults in Nigeria from January 2001 to September 2012 [17] , the prevalence of overweight ranged from 20.3% to 35.1%, while the prevalence of obesity ranged from 8.1% to 22.2%. The lowest prevalence of obesity was observed in Maiduguri (8.1%), while the highest was observed in Lagos (22.2%). The urban nature of Lagos and changes in behavioural patterns, such as westernized lifestyle and diet and more sedentary jobs were reportedly accountable for the high prevalence. Findings from this study fall within this prevalence range. However, while the prevalence of overweight in this study (21.4%) is just slightly higher than the lowest reported national estimate (20.3%) for non-physically challenged individuals, the prevalence of obesity (19.1%) is closer to the highest reported national estimate (22.2%). Although the factors reportedly responsible for the highest prevalence of obesity in Lagos are not applicable to the sample of polio survivors involved in this study, who were of low socioeconomic class and drawn from both urban and rural settings, reduced activity level consequent to reduced mobility could account for the high obesity prevalence among them. Akintunde et al [26] also opined that there is a complex link between poverty and obesity, which may be responsible for the increasing numbers of obese people even among the poorer segments of the society. Low educational attainment, which is a strong predictor of health behaviour, is a major link between poverty and obesity. Many people with disabilities are poor and lacking education, hence, they often engage in very rudimentary feeding and nutrition [27] . In addition, persons with disabilities face significant physical barriers and social exclusion that interfere with their physical activity level and ability to promote their health [28] . A number of well-intentioned health promotion programmes today exclude most people with disabilities and people in the lower rung of the socioeconomic ladder. Judging from the predominant use of one-room accommodation, low educational status, engagement in chiefly unskilled jobs, and lack of ownership of transportation means, it was evident that the majority of polio survivors in this study fall in the low socioeconomic class.
The obesity prevalence in this study (19.1% ) is lower than the prevalence rate of 24.0% reported by Campbell [29] among whites with polio. This lower prevalence could be attributed to economic factors which affect the types and quantity of food available to even an average nonphysically challenged Nigerian. As a result of economic reasons, the polio survivors involved in this study might have engaged in more energy-tasking activities such as walking and manual labour, with consequent greater energy expenditure (despite their physical challenge), than the polio survivors in the previous study. The age difference between participants involved in the two studies could also be a contributory factor. There is a physiological functional decline with age [30] , which could encourage weight gain. Participants in the previous study were older, with a mean age of 62.0 years as compared to a mean age of 34.0 years for this study. They are thus, more prone to unwanted weight gain than the younger population. This could be responsible for the higher obesity prevalence rate among them. When compared with findings of Gawne et al [12] , which although not primarily an obesity prevalence study, but had BMI assessed as one of the main outcome measures, the total percentage of polio survivors who were either overweight or obese (28.4%) were less than that for this study (40.5%). Gawne et al [12] did not categorize participants' BMI into either overweight or obesity classes, respectively, since this was not the focus of their study. Thus, all participants having BMI >25 kg/m 2 were grouped together in the study, thereby making it difficult to draw inference on the prevalence of obesity from their study.
In the systematic review of studies on hypertension among non-physically challenged individuals in Nigeria over the past 5 decades, Ogah et al [31] reported the pooled prevalence of hypertension in the period of 2000e2011 as 22.5%. The 25.1% prevalence of hypertension among polio survivors in this study is higher than the reported prevalence among non-physically challenged individuals. A number of factors may be responsible for this high hypertension prevalence. At the outset, reduced activity level which has been reported among people with physical disabilities [6, 7, 32, 33] contributes to increases in the incidence of hypertension [5, 34] . In addition, physical inactivity has an indirect association with the development of hypertension through its association with other risk factors, like obesity [5] . It is also probable that mental, emotional, and physical stresses reported among polio survivors [35, 36] may have a negative impact on their BP. In a study on the effects of chronic job stress on the cardiovascular system, chronic stress was shown to increase heart rate and BP [37] . Although stress is not an absolute risk factor for high BP, some individuals cope with stress by engaging in activities that raise their risk for high BP (e.g., overeating or eating unhealthy foods, smoking, drinking, etc.) [38] . Challenges with mobility, inaccessibility to desired facilities, social barriers/isolation, and economic challenges are regular causes of stress for people with disabilities [39] . Most polio survivors surveyed in this study lamented neglect in many ways, which could be a source of chronic emotional stress among them.
The prevalence of hypertension in this study is, however, lower than rates reported from previous studies on polio survivors in other countries. Thus, Campbell [29] , Gawne [25] , participants who fell into the normal and high-normal blood pressure categories above were otherwise classified into the prehypertension category. Thus, 121 (47.8%) participants fell into the prehypertension category if this classification was used. et al [12] , and Field and Jette [40] reported the prevalence of hypertension among polio survivors in their studies to be 48.0%, 50.0%, and 50.0%, respectively. In view of the fact that BP increases with age, the observed lower prevalence of hypertension in this study could be related to the younger age of the participants in this study. Participants' mean age was 34 years as against the mean age of 59e62 years in previous studies [12, 29, 40] .
Given that polio itself is a disease of the anterior horn cells of the spinal cord and does not directly affect the cardiovascular system, its recent identification as a significant risk factor for stroke by Wu et al [13] suggests that it has allied factors that could strongly impact the cardiovascular health. In view of the fact that high BP is the single most important risk factor for stroke, being the number one cause of it [41] , it may be extrapolated that polio survivors have an increased risk for developing high BP. Reduction in motor activity following polio infection, which consequently results in overall decline in physical activity level, is apparently culpable. An inactive lifestyle increases the chances of high BP and stroke and also encourages overweight or obesity. By contrast, physical activity assists with weight control and improves blood cholesterol and glucose levels, so that the risk of heart attack and stroke is lower [42] . The high prevalence of hypertension/prehypertension (both totalling 72.9%) in this relatively young sample of polio survivors is a pointer to the extrapolation that polio survivors have established risk factors for high BP. This suggests the need to urgently pay attention to the cardiovascular health of polio survivors in Nigeria.
Lifestyle modifications have been advocated for the prevention, treatment, and control of hypertension, with exercise being an integral component [5, 43] . Exercise programmes that primarily involve endurance activities prevent the development of hypertension and lower BP in adults with normal BP and those with hypertension [43] . However, inaccessible exercise equipment and other disability-related barriers often discourage persons with physical disabilities from engaging in health-promoting behaviours [7, 44] . Pelletier [45] pointed out that despite the established health benefits of exercise, there is very limited, if any, infrastructure in place for long-term exercise services for people with physical challenges. This aptly describes the present state concerning people with disabilities in Nigeria and especially the polio survivors. It is imperative, therefore, that health policies that accommodate the cardiovascular health needs of polio survivors (and other physically challenged persons) should be enacted in Nigeria. Public health interventions, such as awareness talks on lifestyle and dietary habits, with highly subsidised or free cardiovascular health screening, should be routinely conducted and made readily accessible to this population. In addition, community exercise programming and protocols for polio survivors (and other physically challenged persons) should be put in place, since existing literature indicates that the capacity of individuals with disabilities to adapt to increased levels of exercise is similar to that of persons without disabilities [46] . Consequently, polio survivors (and other physically challenged persons) can benefit also from a regular exercise habit like their non-physically challenged counterparts. Thus, as a follow-up to this survey, a study is underway to look at the effects of 12 weeks of arm ergometry training on some of the observed secondary health problems in polio survivors who participated in the survey phase of the study. Preliminary findings indicate that arm ergometry could be a cost effective approach to reducing cardiorespiratory risk factors among polio survivors and other individuals with physical disabilities. If disability-friendly gymnasia are present in major local government areas in Nigeria to serve a cluster of polio survivors (and other physically challenged persons) in their communities, the health benefits will go at length to reduce the number of hospital visits and improve the quality of life and productivity of this population.
Conclusion
The prevalence of hypertension among polio survivors in this study was higher than the national estimate, while the prevalence of obesity was close to the highest reported national estimate among non-physically challenged adults in Nigeria. Considering the growing epidemic of obesity and hypertension, their prevention among polio survivors should be a priority in the Nigerian health sector. Thus, in view of the endemic state of polio in Nigeria and the health burden associated with polio, the use of aerobic exercise to promote the health of polio survivors should be explored.
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